Abstract-In this paper, we develop a method for tracking markless human pose in monocular video human motion. The number of required particles will grow exponentially when particle filter is applied to high dimensional tracking problems such as tracking human body poses, and particle filter with partitioned sampling is adopted to deal with this problem. We design a 2D human body model with constraints, and put forward a new adaptive way for fusing color, edge and motion cues together to construct the weighing function of particles. When calculating the likelihood function for each particle, we adaptively choose different templates and features according to the occlusion relationship among correlated body limbs. Thus, the proposed algorithm is capable of dealing with complicated occlusions among body limbs. In addition, we introduce a simplified belief hybrid PSO method to propagate the weights of limb bservations to the corresponding particles along the edges of the body model, which can make a set of particles carry multiple constraints. Then we test the method on three video sequences which contain heavy background occlusion, complex human motion and selfocclusion, and the experimental results show that our method is effective and robust.
I. INTRODUCTION
Video human motion tracking has more and more widely application on intelligent human-computer interaction, visual monitoring, behavior analysis, and other fields. From the video image estimate body posture is a very challenging topic in computer vision, because of the influence factors as: noise barrier, the difference of human body, limbs and the shade, lighting, clothes color difference and deformation. Usually by monocular image information is unable to determine a reasonable attitude, therefore, need to introduce some human body motion constraints. These constraints are usually can be divided into two categories: one is based on the biological and physical constraints, such as the range of joint angles, etc.; another kind is based on the data constraint, which samples extracted from the movement constraints, such as the joint distribution density of each joint angle, etc.
Prior probability model of the human body movement can be divided into two categories: one is the static distribution model, which is used to depict human body posture space distribution law; another kind is the dynamic movement model, commonly referred to as dynamic model, is used to depict human movement posture in the process of the rule of change over time.
Gesture distribution is often represented with a probability density. Howe etc. using the Gaussian mixture model (Gaussian mixture model, GMM) to describe the distribution of motion segment; Jaeggli etc. used the GMM to describe the distribution of the gesture [2] ; Brox etc. adopted the method of kernel density estimation to depict gesture distribution.
The dynamic models of the human body movement mainly are: 1) Gaussian diffusion process. The model considered that the current frame stance can be made by a frame with a Gaussian noise. 2) Gaussian autoregressive process (auto -regressive process, ARP). This model frame thinks that the current frame stance can be get passing the before k of linear transformation and linear combination of the Gaussian noise; Hidden Markov model (hidden Markov model, the HMM) the human body is divided into discrete state, the dynamic change of stance can be described by the state transition probability. 3) Linear dynamic system. Through the low dimensional state variables to depict characteristics of dynamic change, unlike the HMM, the system of the state variables are continuous, conversion between state variables by a firstorder ARP. 4) Gaussian process dynamic model. The body posture by nonlinear mapping projection to a low dimensional hidden variables space, and in this space to build a nonlinear dynamic process, through the hidden variables to describe the dynamic process of movement of the dynamic characteristics. The model implicitly assumes that the movement of the dynamic process of constant usually has a time-varying dynamic characteristics and real movement.
Human body motion tracking has broad application prospects and potential economic value in advanced human-computer interaction, security monitoring, virtual reality and so on various aspects. Monocular video tracking Based on no markers in human gesture has more extensive application value compared to the marked points of video tracking due to its lower requirements for hardware environment. In recent years, the literature [1] [2] [3] [4] have detailed introduction in main algorithm of video tracking, human body tracking, achievements, problems and development direction compared with before.
Zou et al. [5] put forward monocular video 3 d human motion tracking algorithm which based on the deformation appearance template matching. The algorithm requires manual measurement to obtain relative to body length, and at the same time request a particular body poses of initialization which pose for imaging model parameters are calculated, thus limiting the application of the forced method. Deng Yu et al. [6] proposed a 3 d human body based on optimized particle filter method called a gesture tracking, which tracking the 3 d human body in walking and weight lifting video sequences. However, due to it is use 3 calibrate camera video data which needed to and make the application of the force, so the method is limited by a lot of. Tony and others [7] proposed a dynamic BP algorithm, based on the dynamic characteristics of human movement to choose the search space, which narrowing the scope of the search, and apply it to 2 d human body gesture tracking domain. But as a result of the algorithm without considering body ask constraint relations, so can't deal with the condition of human movement. This paper's contribution lies in: 1) proposed a joint point between distance constraints and is suitable for the block sample particle filter framework of 2 d human body model. The human body constraints [8] [9] based on the model of attitude tracking plays an important role in the human body. Unlike existing methods, this article used the 2d human body model with joint point distance constraints to improve tracking accuracy and robustness. 2) Proposed an adaptive choice method of particle filter according to the physical barrier between situation and appearance template for more features fusion calculation of the weights of particles. Because of the single image characteristics are influenced by environmental factors, we use the color, edge and motion characteristics of three kinds of image features, which is a combination of construct the likelihood function. Many characteristics of different fusion methods feet [10, 11] , we according to the body cover relationship between adaptive appearance template and feature selection. Experimental results show that the method can effectively track the variety of forms including body since the barrier between the complexities of the human body movement.
II. PROBLEM DESCRIPTIONS

A. Problem Definition
The main purpose of the movement target tracking is for each movement target based on time domain model. In order to achieve this goal, the system must be keeping track of each individual objective. Moving target tracking is equivalent to the continuous variation of the features related to the creation based on the matching between frames, such as shape, position of moving targets, such as texture features.
In the complex environment, in order to realize the stable, accurate and fast tracking to a moving target, people put forward a lot of kinds of target tracking algorithm. The algorithm mainly use mathematical tools are: dynamic Bayesian network [12] [13], the Condensation algorithm and Kaman filtering, etc. Moving target tracking method basically has: tracking method based on the characteristics, the tracking method based on active contour and tracking method based on region.
(1) The track based on the characteristics For the characteristics of the target tracking has many: such as position, velocity, shape, etc., can be as a feature.
(2) Tracking based on active contour In 1987 held the first international conference on computer vision, Kass snakes is proposed for the first time since the active contour model, appeared a lot of Snakes model based image segmentation, understanding, and the method of target recognition. Tracking method based on the Snakes is to use a closed curve to express the outline of moving object, the object's outline and continuously updated, and is automatic.
(3) The tracking based on the area Francis [14] proposed a tracking algorithm based on area matching, the algorithm relies on the previous results of target detection stage, using the test results to distinguish moving objects first and then tracking them. Jorge, etc put forward another tracking based on area matching method, this method also need to test phase to provide relevant information, motion detection at the same time also can use target tracking information provided. We will further improve the target segmentation results.
Tracking based on area matching method has its obvious advantages: the monitor of moving objects in the scene between the shade problems is not very sensitive, at the same time; the tracking method can improve movement between object and background in image segmentation.
B. Representation of the Body Posture
In the existent human gesture tracking algorithm based on the model, typically use a combination of two kinds of the human body of appearance model and framework model. Tony and others [15] uses a straight line connection board exterior model and a tree model, and on this tree model using BP algorithm; Jung et al. [16] uses a rectangular connection board exterior model and a figure model, through the connection between the nodes according to the constraints of the relationship between bodies. The two nodes are used to describe physical framework model, and use node between the attachment relationships between the bodies, therefore can only handle the condition of invariable body length, and can do little about the 3d deformation of body movement.
Human appearance model in this paper formed by the nine through joint connected "cardboard" (as shown in figure 1 ), the human figure model with constraints (as shown in figure 1 ) of 14 nodes, a virtual node (no need to track) and the attachment between nodes. Nodes in the graph model is corresponding to the real critical points, and the solid line shows the true body, dotted lines and arcs said constraint between two adjacent key points, and the dashed arrow affects only arrow key points of unilateral constraints.
Body posture is stranded by state space X , including l ). They are description is the distance between the node constraint in fact, the x stands for a distance stance between two nodes, the quantitative constraint can be represented using a Gaussian function after: X  , 0 6 X  ], the curve of () mn Px is becoming "steep", otherwise, the curve is "gentle". Visible, the greater the 6 value, the corresponding constraint is loose (the allowed range of X is larger), but the tracking error t is larger, and vice versa. 1) The body length constraint. X stands the distance between mi r particles and ni r particles, which is the observed body length; The length of 0 X is standing the initialize members of mn . 2) Neck and shoulder constraints. X stands the attachment middle distance of particle mi r and ni r tracking to the neck position, in which m and n respectively stand the joint point number of the two shoulders; 0 X for initialization calibration after calculated the neck position to two shoulder attachment point distance.
3) Two shoulder distance constraint. X stands mi r particles, and the distance between ni r , which m and n respectively two shoulders of the joint point number; 0 X is for the distance between two shoulders after initialization.
4) Sternum -shoulder constraints. According to the result of a frame on the tracking initialization (or calibration) sternum position P is the corresponding quadrilateral cancroids for the calculated two shoulders and hips; X stands for the distance of particle P to particle mi r and ni r . Among n r and n respectively stands for the two shoulders of the joint point number; 0 X is for the initialization calibration after the sternum to the left shoulder and right shoulder. The distance is calculated by the average [17] 5) Sternum -hip constraints. The calculation of ditto sternal position P is as above. X represents the distance P to particle mi r and ni r , which m and n , respectively corresponding to two hip joint point number; 0 X stands for the initialization distance average of the sternum to the calculated calibration after the left hip and right hip. 6) Two hip distance constraint. X stands for the distance between the particle mi r and ni r . Among, the m and n , respectively corresponding to the number of the two hip joint point ; 0 X is for the distance between the two hip after the initialization.
III. MATHEMATICAL MODELS AND ALGORITHMS
A. Deformable Body Model
We will stick the body as a tree model, as shown in figure 3 , the skeleton model consist of 16 key points and 15 body paragraph. Among them, the 1 J as the root node of the tree structure, corresponding to the human body in the basin of joint; In the model line (human bone segment) length according to the anthropometry, for the ratio length, should according to the practical measurement in the application of price setting. In order to account convenient, we define the two coordinate systems in the human body skeleton model: 1) the local coordinate system. Consolidation in each body paragraph, origin of the coordinate system of the attachment is the body segment joints, the direction of the coordinate system in accordance with figure 3 settings; 2) global coordinate system. The origin of the coordinate system of the 1 J joints set the direction of the coordinate system according to figure 3 .
The human body skeleton model is defined as shown in figure 3 . Body paragraphs are represented by the lines, and the length meets bone. When the use of template matching for human motion tracking, because the line is not well characterized after three dimensional motion segment on the plane for the human body changes, so we will consider the body approximation for the cardboard model, as in the human body movement tracking matching template. The body appearance model consists of shape model and texture model, according to the human body skeleton model of human body appearance model altogether is composed of 15 rectangular blocks, each of the rectangular block represents the body of a body paragraph, rectangular piece is composed of pixels in the body section, including pixel relative coordinates in the rectangular block (shape) of pixels and the pixels corresponding to (texture). As shown in figure 1 , the rectangular piece centerline is the period of the bones in the human body skeleton model, each point on the edge of the rectangle is the human body skeleton model of joint, the joint 1 J marked in the picture, other joints similar labeling. In rectangular block, according to the local coordinate system to obtain the coordinates of each pixel, the local coordinate system origin on the joints, the direction of the local coordinate system is shown in figure  1 .
B. Image Observation Model
By document [10] shows that one in three dimensional space point coordinates ( , , )
x y z and point in twodimensional projection plane coordinates ( , ) uv satisfy the equation
Among them, the parameter s is a scaling factor, obtained by the First of all, we found a frame from the video sequence contains 3 segment end-to-end skeleton segment the video frames, the first, three bone segment parallel to the plane. Right shoulder and right forearm parallel to the plane. 3 segments of end-to-end skeleton under perspective projection model of imaging for: bone segment ab and cd is parallel to the projection plane, the projection plane of the imaging respectively '' ab and '' cd . Bone segment bc is not parallel to the projection plane, the projection imaging for b in the plane of the '' bc.
C. Motion Tracking Algorithm
(1) Particle Swarm Optimization Particle swarm optimization algorithm (PSO) is a kind of evolutionary computation technology comes from the study of birds feed on behavior and invention. First put forward by Dr Barnhart and Dr Kennedy in 1995. In the process of birds feed on, every bird can be regard as a particle, every bird, according to two factors determine the feeding path itself before a bird is taken by the optimal path and the other one is the optimal path through the other companion [18] .
Mathematically, assume that the search space is d dimension, which 12 ( , ,..., )
is the first particle in the dimension of D vector. t i X can be seen as a potentially viable solutions. By the changes of the particle velocity, the optimal solution is realized by the dimension D bad to search. The first of the particle's velocity is defined as: 12 ( , ,..., )
represented particles within the number of iterations to obtain the optimal value in iterations, said all the particles within the number of iterations to obtain the optimal value. Practice through the optimization value determined by the problem of fitness value to evaluate the particle from "bad" to "good". Each particle by the above two extreme value constantly update themselves, so as to produce a new generation of groups. Particles i will be subject to the following formula to update their speed and position: 1] , w is for the inertia weight (inertia weight). Formula is composed of three parts, part 1 that particle velocity, illustrates the particle current status; Part 2 is the cognitive part (which the modal), mean the particles themselves to think; Part 3 is the society part (social modal). Three parts together determines the space search ability of particle. Part 1 has the ability to balance the global and local search. Part 2 make the particles have enough strong global search ability, avoid the local minimum. Part 3 shows the information sharing between particles. In the three parts of the particles together determine the effectively reach the best position under the action.
In addition, the particles constantly adjust their position according to speed, but also is limited by a maximum speed max V . When i V more than max V , it will be limited to max V . (2) Simulated annealing Simulated Annealing algorithm (Simulated Annealing SA) has a strong global search ability, so SA can be introduced to basic PSO. SA by giving the search process is a kind of time-varying and ultimately tends to 0, the probability of sudden jump, which can effectively avoid falling into local minimum. SA is a kind of serial search algorithm, the search scope can be extended to the unexplored areas; It emphatically in unknown (in the space field of the current solution) to explore the optimal mode. Operator parameters with initial temperature, Markov chain length and temperature attenuation coefficient [19] [20] .
Annealing operator with concrete operation steps:
(1) Determine the initial temperature 0 t , make
Among them, * f  is the first individuals to start from the initial population, after m times attempted search gets the value of the average increment f ; generally m is 10 ~ 20.
is the initial acceptance rate, average is 0.8 ~ 1.
(3) The assessment and select of optimal solution strategies In multi-objective optimization problems, the particle is a common instruction, through each objective function to get the speed of the particles in the decision variable space flight and location, which will eventually fall into the bad centralized optimal solution; Reflected in the objective function space, the particle will fall into the bad optimal target domain. As shown in figure 2, 1 fX in the algorithm, through the decision variable space particles common guidance, so neither along the direction of change 1 V , also not along the direction of change 2 V , but from between 1 V and 2 V , in the direction of do not increase at the same time of 1 Pj (among them, 1, 2,..., iN  is the particle number).
Step 2, according to the particles ( ) '
Pjproduced by the neighborhood of simulated annealing algorithm in data processing
Step 3, in the update of each particle's speed, with the "average" of ( ) ( ) 
IV. EXPERIMENTAL RESULTS AND ANALISIS
A. Experiment Data and the Evaluation Mechanism
Experimental data, this article selects Carnegie Mellon University (Carnegie Mellon University) of motion capture data, using the human body model of the synthesis of virtual human motion video, and based on Ground of CMU way data analysis the performance of the algorithm. Exercise types including different perspectives of walking, running, etc. This paper introduced the experiments on real video at the same time, Error evaluation mechanism: for single image, attitude analysis by calculation results and real data through error evaluation, distance, respectively the Ground way get the attitude of the data and analysis data, M is the dimensions of attitude vector, this article M = 66.
Random selection N initial solution, and initialize the w, c1, c2 and inertia weight drop coefficient λ.
End of the iteration?
Calculator the fitness function of f( ) 
B. Algorithm Convergence Validation
Annealing grains of gestures optimization algorithm convergence is mainly by the grain of the effects of the number N and the number of iterations C , through the experiment, the paper proposes the convergence with grain 4.3. The relation between the number N and the number of iterations C as shown in figure 6 , different curves expressed different grain number, abscissa as the number of iterations, y coordinate for the global optimal particle fitness value. The figure 6: the number of iterations in the fitness functions after 30 times the tendency of convergence, and different grain number of convergence as well. This shows in this paper, the improved annealing particle swarm optimization (PSO) algorithm has good convergence. On the other hand, the particle swarm algorithm of computational overhead as the grain of the data and the number of iterations increases. As the trade-off between accuracy and computational cost, this article selects the number of 40, the number of iterations is 60 times. Also take initial temperature T = 1000, ending temperature T = 1, annealing velocity γ= 0.95.
C. Attitude Estimation Results
Shade (Occlusion), the ambiguity around (Left and right ambiguity), View (View -point) problem are important factors which affect the position of monocular video analysis This article to walk in straight line, take turns to walk, running on the video of testing, validation method in this paper, factors affecting the robustness of the above. Experiments for PCA learning attitude subspace of the training data from CMU motion database, the data volume are 386 frames on foot, running for 198 frames. Figure 7 shows the respectively in 100 frames straight walk ( figure 7 (a) ), take turns to walk ( figure 7 (b) ), the running simulation image ( figure 7 (c) ) on the posture error of the estimate for each dimension. The figure 7 shows, most of the dimensions of the error was less than 5 degrees. In addition, the left and right arm and left and right knee Angle is the most significant change in human movement joint point, table 1 shows the walk straight, took to walking and running simulation image by the experiment on the left and right arm and left and right knee Angle error. Figure 8 shows the real walk straight, take turns to walk, run video on experimental results, the attitude estimation results and close to real attitude.
By the experimental result shows that the algorithm is to keep out, left and right sides is ambiguity, perspective and other issues has good processing ability. This paper proposed a three-dimensional human body movement tracking based on monocular video algorithm, which is easy to use, without camera calibration, the background, no special requirements, etc. The algorithm according to the image of the appearance model to calculate the deformation process of imaging, the whole matching process has experienced from the twodimensional coordinates to 3 d space, and projected into 2 d images of 2 processes. The experimental results show that this algorithm can accurately track the human body movement, can be applied to the man-machine interaction and animation, etc. 1) proposed a joint point between distance constraints and is suitable for the block sample particle filter framework of 2 d human body model. The human body constraints based on the model of attitude tracking plays an important role in the human body. Unlike existing methods, this article used the 2d human body model with joint point distance constraints to improve tracking accuracy and robustness. 2) Proposed an adaptive choice method of particle filter according to the physical barrier between situation and appearance template for more features fusion calculation of the weights of particles. The method has important significance to increase the accuracy, improve the effect of athlete's daily course training and finally improve the grade. By the method in this paper also makes a certain contribution to the development of competitive sports.
